Low-voltage fast-(LVF) and hypersynchronous-(HYP) seizure onset patterns can be recognized 34 in the EEG of epileptic animals and patients with temporal lobe epilepsy. Ripples (80-200 Hz) 35 and fast ripples (250-500 Hz) have been linked to each pattern, with ripples predominating 36 during LVF seizures and fast ripples predominating during HYP seizures in the rat pilocarpine 37 model. This evidence led us to hypothesize that these two seizure-onset patterns reflect the 38 contribution of neural networks with distinct transmitter signaling characteristics. Here, we 39 tested this hypothesis by analysing the seizure activity induced with the K + channel blocker 4-40 aminopyridine (4AP, 4-5 mg/kg, i.p.) -which enhances both glutamatergic and GABAergic 41 transmission -or the GABA A receptor antagonist picrotoxin (3-5 mg/kg, i.p.); rats were 42 implanted with electrodes in the hippocampus, the entorhinal cortex and the subiculum. We 43 found that LVF-onset occurred in 82% of 4AP-induced seizures while seizures following 44 picrotoxin were always HYP. In addition, HFO analysis revealed that 4AP-induced LVF seizures 45 were associated to higher ripple rates compared to fast ripples (p<0.05), whereas picrotoxin-46 induced seizures contained higher rates of fast ripples compared to ripples (p<0.05). These 47 results support the hypothesis that two distinct patterns of seizure onset result from different 48 pathophysiological mechanisms.
INTRODUCTION 59 60
Recent studies on ictogenesis in animals and humans have revealed the existence of two main 61 patterns of seizure onset that were termed low-voltage fast (LVF) and hypersynchronous (HYP) 69 We have recently discovered in the pilocarpine model of temporal lobe epilepsy (TLE) 70 that these two patterns of seizure onset are associated to distinct patterns of occurrence of high- caused by GABAergic-mediated synchronization whereas glutamatergic interactions, enhanced 83 by the blockade of GABA A receptor signaling, predominate during HYP seizures. We also 84 postulated that 4AP-induced LVF seizures would be associated to higher rates of ripples 85 compared to fast ripples in temporal lobe regions shortly before and after the onset of ictal 86 activity, while picrotoxin would induce HYP seizures associated to the occurrence of higher rates 87 of fast ripples compared to ripples. Surgery for the implantation of electrodes -A total of nine animals underwent surgery for 99 the implantation of electrodes before 4AP or picrotoxin treatment. Before surgery, rats received 100 topical Lidocain (5%; Odan, Canada). An incision was then made in the skin to expose the skull 101 plate, from bregma to lambda. Four stainless steel screws (2.4 mm length) were fixed to the skull 102 as anchor screws and in addition 4 small holes were drilled to allow the implantation of bipolar 103 electrodes (20-30 kΩ; 5-10 mm length; distance between exposed tips: 500 μm) (MS303/2-104 B/spc, Plastics One, VA, USA ) . Electrodes were implanted in the CA3 region of the right at higher rates compared to fast ripples in all recorded regions (p<0.05) (Fig. 2B) . This difference 179 was maintained over time during the ictal period, as ripples occurred at higher rates compared to 180 fast ripples from the onset of the seizure up to 60 s later (p<0.05) (Fig. 2B ). 181 Figure 2C shows the temporal changes of HFOs during picrotoxin-induced HYP seizures.
182
Ripples and fast ripples occurred at similar rates during the pre-ictal period in the CA3 region 183 and in the subiculum. However, a significantly higher rate of fast ripples compared to ripples 184 was observed in both of these regions during seizures (p<0.05) (Fig. 2C) . No significant 185 differences were observed between the rate of ripples and fast ripples in the EC during the ictal 186 period; however, in this limbic structure, ripple rate was higher than that of fast ripples during 187 the preictal period in HYP recorded seizures after the injection of picrotoxin (Fig. 2C) . High-frequency oscillations associated to seizures induced with 4AP and picrotoxin - 218 We have also found that the two seizure-onset patterns were characterised by two distinct 219 patterns of HFO occurrence. Following the injection of 4AP, LVF seizures were associated to 220 higher rates of ripples compared to fast ripples shortly before seizure onset as well as during the 221 ictal discharge. On the contrary, the rate of occurrence of fast ripples was higher than that of 222 ripples during HYP seizures recorded in the CA3 region and subiculum after the administration 223 of picrotoxin. Since HFOs are believed to reflect neuronal network activity in epileptic regions, 224 these findings indicate that different mechanisms should underlie the two seizure-onset patterns.
225 Surprisingly, in the EC of picrotoxin-treated rats we observed a higher rate of ripple occurrence 226 during the pre-ictal period and we did not observe any significant difference between ripple and 227 fast ripple rates of occurrence during the ictal period. This finding is unexpected since high rates p<0.05) as well as that there was no significant difference during the ictal period between the 348 rate of occurrence of ripples and fast ripples in the entorhinal cortex. Note the difference in the 349 scale of pre-ictal and ictal period.
